INTRODUCTION
Ulcerative colitis (UC) is characterised by symptoms of increased stool frequency and rectal bleeding. Until recently, medical therapy in UC focused on alleviating symptoms and improving quality of life (QoL). As this approach only marginally improves the unfavourable disease course of UC, new therapeutic goals and strategies have emerged. [1] [2] [3] Mucosal (endoscopic) healing as a treatment target has received increasing attention after studies demonstrated its association with improved longterm clinical outcomes and reduced risk of colectomy. [4] [5] [6] [7] Algorithms for adjustment of treatment based on endoscopic disease activity to reach the target of mucosal healing have been proposed, 1, 8, 9 and recent pilot data have demonstrated its feasibility in clinical practice. 10 The association between patient-reported outcomes and mucosal healing has not been established in UC. Clinical symptoms may serve as measures of response to treatment, but may not necessarily reflect mucosal healing status. Endoscopy, albeit invasive, is the gold standard for mucosal assessment; however, it is important to know if it is possible to predict mucosal healing from clinical symptoms, thereby avoiding endoscopy. Furthermore, it is important to know if persistent symptoms in the presence of mucosal healing influence health-related QoL.
The efficacy and safety of adalimumab for induction and maintenance of remission, response and mucosal healing in adults with moderate to severe UC was demonstrated in the Phase III randomised, double-blind placebo-controlled trials Ulcerative Colitis Long-Term Remission and Maintenance with Adalimumab (ULTRA) 1 11, 12 and ULTRA 2 13, 14 (www.clinicaltrials.gov numbers NCT00385736 and NCT00408629). This post hoc analysis evaluated the association of the two patientreported components of the Mayo score (rectal bleeding subscore and stool frequency subscore) with mucosal healing defined using endoscopy subscores (endoscopy subscore = 0 and endoscopy subscore = 0/1), in patients enrolled in ULTRA 1 and ULTRA 2.
METHODS

Study design and patients
Study designs and patient dispositions in ULTRA 1 and ULTRA 2 have previously been published. [11] [12] [13] [14] Briefly, both 52-week Phase III studies enrolled adults with UC and a Mayo score of 6-12, with endoscopy subscore ≥2, despite concurrent or prior treatment with corticosteroids and/or immunosuppressants. Patients with previous exposure to anti-tumour necrosis factor (TNF) therapy were eligible for ULTRA 2. ULTRA 1 had an 8-or 12-week double-blind phase (depending on the protocol version) in which patients were randomised to receive placebo or one of two induction regimens: adalimumab 160 mg and 80 mg (160/ 80 mg) at Weeks 0/2; or adalimumab 80/40 mg at Weeks 0/2, followed by 40 mg every other week (eow The protocols for ULTRA 1 and ULTRA 2 were approved by institutional review boards in all study centres and sites.
End points and statistical methods
The association of rectal bleeding and stool frequency subscores with mucosal healing (using 2 definitions: endoscopy subscore = 0; and endoscopy subscore = 0/1) was assessed at Weeks 8 and 52 in patients randomised to the approved induction dose of adalimumab (160/ 80 mg) in ULTRA 1 or ULTRA 2 who had rectal bleeding and stool frequency data available at those time points. The definition of mucosal healing according to endoscopy subscore = 0/1 represents lack of mucosal ulcers and was the definition used in the ULTRA trials. As endoscopy subscore = 1 represents mild inflammation, which may influence symptoms, the additional definition of mucosal healing using endoscopy subscore = 0 was also examined. Patients with missing endoscopy subscores were considered not to have mucosal healing by either definition at the respective time point. Rectal bleeding and stool frequency subscores were assigned using the worst values from patient diaries for the 3 days prior to each study visit (Table S1 ).
The positive predictive value (PPV), negative predictive value (NPV), sensitivity and specificity of rectal bleeding and stool frequency subscores for each definition of mucosal healing were calculated separately for rectal bleeding subscore = 0, stool frequency subscore = 0, the combination of both rectal bleeding and stool frequency Aliment Pharmacol Ther 2015; 42: 1082-1092subscores = 0 and either rectal bleeding or stool frequency subscore = 0 (Figure 1) . 15 As a sensitivity analysis, the same calculations were completed for rectal bleeding subscore = 0/1 and stool frequency subscore = 0/1. To evaluate if resolution of rectal bleeding or elevated stool frequency lagged endoscopic healing, frequencies of different values of rectal bleeding and stool frequency subscores at Weeks 8 and 52 were evaluated in the subset of patients from ULTRA 2 with early and sustained mucosal healing (endoscopy subscore = 0 or endoscopy subscore = 0/1 at Weeks 8, 32 and 52).
The impact of clinical symptoms in patients with mucosal healing on QoL was evaluated at Weeks 8 and 52 using the inflammatory bowel disease questionnaire (IBDQ). 16 Figure 1 | Calculation of positive predictive value and negative predictive value of rectal bleeding and stool frequency for mucosal healing at Weeks 8 and 52 in patients randomised to adalimumab 160/80 mg. The positive predictive value and negative predictive value of rectal bleeding and stool frequency for mucosal healing were calculated separately for rectal bleeding subscore = 0, stool frequency subscore = 0, the combination of both rectal bleeding subscore = 0 and stool frequency subscore = 0 and either rectal bleeding or stool frequency subscore = 0. Adapted from Ref. (15) . MH, mucosal healing; NPV, negative predictive value; PPV, positive predictive value; RBS, rectal bleeding subscore; SFS, stool frequency subscore. endoscopy subscore are shown in Figures 2 and S1. More patients with endoscopy subscore = 0 or = 0/1 had rectal bleeding subscores of 0/1 than stool frequency subscores of 0/1 at each time point. Among patients with endoscopy subscore = 0 at Week 8, 87% reported no rectal bleeding (subscore = 0), while only 29% reported stool frequency subscore = 0; these proportions had increased to 94% and 41%, respectively, by Week 52.
A moderate correlation between rectal bleeding subscore and endoscopy subscore was observed at Week 8 and at Week 52 [Spearman rank correlation (r) = 0.48 for both time points]; and also between stool frequency subscore and endoscopy subscore (r = 0.52 at Week 8 and r = 0.51 at Week 52). Among patients with endoscopy subscore = 2/3, approximately one-quarter to onethird had rectal bleeding subscore = 0 at Weeks 8 and 52 (28% and 39% respectively), whereas few patients had stool frequency subscore = 0 at Weeks 8 and 52 (4% and 5% respectively). Conversely, in patients with rectal bleeding subscore = 2/3, few had endoscopy subscore = 0 (6% and 0%) and endoscopy subscore = 1 (8% and 6%) at Weeks 8 and 52. A greater proportion of patients with endoscopy subscore = 0 (24%) or = 1 (38%) had stool frequency subscore = 2/3 at Week 8. At Week 52, these percentages were 10% and 34% respectively. Rectal bleeding and stool frequency subscores as predictors of mucosal healing Positive predictive value. For patients with a Mayo subscore = 0 and endoscopy subscore = 0/1, stool frequency subscore = 0 had a greater PPV than rectal bleeding subscore = 0 at Weeks 8 and 52. For endoscopy subscore = 0/1, the PPV for stool frequency subscore = 0 increased from Week 8 (84%) to Week 52 (91%), and the PPV for rectal bleeding subscore increased from 69% to 81% (Tables 1 and S3 ). Rectal bleeding subscore = 0 and stool frequency subscore = 0 had much lower PPVs for endoscopy subscore = 0 at Week 8 (26% and 37% respectively) and Week 52 (44% and 59% respectively) compared with endoscopy subscore = 0/1 described above (Tables 1 and S3 ). The combination of both rectal bleeding subscore = 0 and stool frequency subscore = 0 had a somewhat greater PPV than either measure alone for mucosal healing, i.e. there was a somewhat higher probability that mucosal healing was present when both subscores were 0 than for either subscore alone (up to 97% at Week 52); however, values of 0 for both patient-reported outcomes was encountered rarely [in 39/433 (9%) of patients at Week 8 and in 59/299 (20%) patients at Week 52 (Table S3) ].
Negative predictive value. When stool frequency subscore >0, mucosal healing by either endoscopy subscore definition was unlikely, especially at Week 8. This was also true when rectal bleeding subscore >0. Rectal bleeding subscore >0 correctly dismissed endoscopy subscore = 0 in >90% of patients at both time points; the corresponding value for stool frequency subscore >0 was >75% at both time points. NPV for both subscores was lower for endoscopy subscore = 0/1, although NPV for rectal bleeding was greater than for stool frequency at both time points. NPV of the combination of both rectal bleeding = 0 and stool frequency subscore = 0 was similar to that of stool frequency subscore = 0.
Sensitivity. At Week 8, rectal bleeding was absent in most patients with mucosal healing: the sensitivity for rectal bleeding subscore = 0 was 87% for endoscopy subscore = 0, and 72% for endoscopy subscore = 0/1 ( Table 1) . Both values increased at Week 52 (Table S4) . In contrast, very few patients with mucosal healing had normal stool frequency (i.e. stool frequency subscore = 0) at either time point. Although more patients with endoscopy subscore = 0 had stool frequency subscore = 0 (29%) than those with endoscopy subscore = 0/1 (21%) at Week 8, at Week 52 nearly 60% of patients with endoscopy subscore = 0 had elevated stool frequency. The sensitivity of the combination of both rectal bleeding subscore = 0 and stool frequency subscore = 0 was similar to that of stool frequency subscore = 0, indicating that few patients with mucosal healing had what the patient considered to be normal stool frequency.
Specificity. At Week 8, when mucosal healing (endoscopy subscore = 0/1) was not present, both rectal bleeding subscore and stool frequency subscore were >0 in most patients (>59%), with specificity of stool frequency subscore approaching 100%, i.e. neither symptom subscore was normal in most patients without mucosal healing (Table 1) . For both symptom subscores, specificity for endoscopy subscore = 0 was lower than for endoscopy subscore = 0/1 (i.e. rectal bleeding or stool frequency subscores were less likely to be >0); specificity was as low as 43% for rectal bleeding subscore at Week 52, but remained~90% at both time points for stool frequency subscore (Table S3) . Specificity of the combination of both symptom subscores >0 was slightly higher than that of stool frequency subscore >0, because more patients without mucosal healing had stool frequency subscore >0 than rectal bleeding subscore >0.
Relationships of rectal bleeding and stool frequency with mucosal healing over time Among patients enrolled in ULTRA 2 randomised to adalimumab 160/80 mg with endoscopic subscores available at Weeks 8, 32 and 52 (N = 145), 17/145 (12%) had endoscopy subscore = 0 and 56/145 patients (39%) had endoscopy subscore = 0/1 at all three time points.
For patients with sustained endoscopy subscore = 0 (indicating early and persistent mucosal healing) and subscore = 0/1, the proportion with rectal bleeding = 0 increased from Week 8 to 52 (from 88% to 100% for endoscopy subscore = 0 and from 80% to 89% for endoscopy subscore = 0/1). However, the proportion with stool frequency subscore = 0 increased only from 41% to 47% from Week 8 to Week 52 for endoscopy subscore = 0 and from 29% to 34% for endoscopy subscore = 0/1, indicating persistently increased stool frequency compared to normal even in the case of longstanding mucosal healing.
Relationships of rectal bleeding, stool frequency and mucosal healing with QoL
The mean IBDQ score trended highest in patients with both rectal bleeding subscore = 0 and stool frequency subscore = 0 and lowest in patients with both rectal bleeding subscore >0 and stool frequency subscore >0, indicating an association between symptom relief and increased QoL (Tables 2 and S4 ). The proportion of patients with IBDQ remission was highest among patients with both stool frequency subscore = 0 and rectal bleeding subscore = 0.
DISCUSSION
We evaluated the associations between patient-reported outcomes and mucosal healing in patients with moderate to severe UC treated with adalimumab. Rectal bleeding and stool frequency differed in their association with mucosal healing at each time point. The rectal bleeding subscore was frequently associated with absence of colonic ulcers, whereas stool frequency often remained elevated in the presence of mucosal healing, even in the case of endoscopy score = 0, and even in patients with early and sustained mucosal healing. These are important clinical results, especially because the paradigm of UC treatment is evolving from mere control of symptoms towards achievement of mucosal healing. 1, 3, 10 In clinical trials, endoscopy subscore = 0/1 has often been used to define endoscopic healing, as this definition identifies patients with no ulcers/erosions. As endoscopy subscore = 1 does indicate residual inflammation, we also evaluated relationships between symptoms and endoscopy subscore = 0. In a post hoc analysis of the infliximab ACT 1/2 trials, endoscopy subscore = 0 at Week 8 was associated with greater rates of symptom relief at Weeks 30 and 54 compared with endoscopy subscore = 1. Patients with endoscopy subscore = 0/1 at Week 8 had a significantly lower risk of colectomy over Aliment Pharmacol Ther 2015; 42: 1082-1092the next year, compared with patients with endoscopy subscore = 2/3 (P = 0.0004). 4 However, an analysis of the ULTRA trials found that both rectal bleeding and stool frequency at Week 8 were significantly correlated with risk of future hospitalisations, whereas endoscopy subscore was not. 17 In the present analysis, the presence of rectal bleeding was associated with absence of mucosal healing by either definition most of the time, although PPV of rectal bleeding for endoscopy subscore = 0 was low. It is currently unknown if treatment escalation to achieve endoscopy subscore = 0 in patients with endoscopy score = 1 would improve long-term outcomes. Our results are also relevant regarding the evolution of end points in clinical trials for UC. These data suggest that a composite end point of no rectal bleeding, completely normalised stool frequency and healing may be overly stringent and underestimate the potential utility of treatments.
Several explanations may account for the discrepancy between mucosal healing and stool frequency. Previous studies have demonstrated abnormal histological findings in a substantial proportion of patients with UC in clinical and endoscopic remission. [18] [19] [20] [21] A recent study suggested that increased paracellular permeability due to occult inflammation may cause irritable bowel syndrome (IBS)-like symptoms in patients with quiescent inflammatory bowel disease. 22 Chronic colonic inflammation may damage the enteric nervous system, leading to dysregulation of colonic smooth muscle activity.
23-25
The presence and activation of mast cells proximate to neurons in the rectal mucosa may lead to rectal hypersensitivity and IBS-like symptoms. 26 Finally, changes in the length and calibre of the colon and rectum, 27 which tend to be ignored at endoscopy, may be associated with anorectal dysmotility and symptoms such as urgency, tenesmus and incontinence. 28 Although the associations of symptom scores with endoscopy scores are relevant from a clinical perspective, they may have less relevance from the patients' perspective. However, the association of symptom scores with QoL outcomes may be more reflective of patients' experience. Among patients in our analysis with mucosal healing, QoL was highest for patients with rectal bleeding = 0 and stool frequency subscore = 0. In the presence of mucosal healing, persistence of an increased number of stools is frequently dismissed by the clinician, whereas it is a major source of distress for the patients. A recent international survey identified important differences between patients' and health care providers' perceptions of the impact of UC symptoms. 29 Elevated stool frequency was observed in most patients in our analysis with mucosal healing (even endoscopy subscore = 0), although the sensitivity of stool frequency subscore = 0/1 approached that of rectal bleeding = 0, indicating that the degree of elevation of stool frequency in many patients was 1-2 excess stools/day. It is worth noting that discharge of mucus and blood, or tenesmus, which may be extremely distressing for the patient, is not taken into IBDQ, inflammatory bowel disease questionnaire; n, number of patients with mucosal healing in the stool frequency/rectal bleeding category who reported an IBDQ score at a given time point; N, number of patients with mucosal healing and an IBDQ score at a given time point; NA, not applicable.
* Among patients with IBDQ scores, no patients with rectal bleeding subscore >0 and stool frequency subscore = 0 had endoscopy subscore = 0.
account in the calculation of stool frequency. Careful assessment of elevated stool frequency in the presence of mucosal healing may enable avoidance of unnecessary dose escalation or treatment intensification. In addition, assessment of stool form and nocturnal stools may help decision making. The use of patient-reported outcomes as treatment goals warrants careful consideration. Treatment of patients with the aim to achieve absence of symptoms may result in over-treatment, whereas assumption of mucosal healing in the absence of symptoms may cause under-treatment of the patients. Additional research to identify effective and appropriate treatment options for patients with elevated stool frequency in the presence of endoscopically inactive mucosa is needed. This study has several limitations. All patients had moderate to severe UC despite current or past conventional therapy with corticosteroids and/or thiopurines, and, in some cases, prior anti-TNF therapy. Whether these results are generalisable to patients with milder disease, to patients who have not failed conventional therapy or to patients treated with other anti-TNF agents or other drug classes is unknown. The difference in results observed between Week 8 and Week 52 may reflect selection bias for the Week 52 results, because patients with persistent symptoms would be expected to be more likely to prematurely discontinue study participation, regardless of mucosal healing status. The worst-rank method to determine rectal bleeding and stool frequency in this study (whereby the worst patient-reported score from the 3 days prior to the study visit was captured) may have led to inflated rectal bleeding and stool frequency values. Finally, the endoscopic evaluations in the ULTRA 1 and ULTRA 2 studies were done by the local investigators. In recent studies, up to 20-30% of patients reported to have endoscopic evidence of active disease at study entry actually had inactive disease as judged by an endoscopic 30 or histological 31 central reader. Thus, the findings in this study should be confirmed in future studies in which central reading of endoscopy and/or histology is performed. Finally, endoscopic evaluation was performed using rectosigmoidoscopy and not full colonoscopy. Whether endoscopic assessment limited to the rectosigmoid adequately represents endoscopic activity of the more proximal colon is questionable. 32 However, a recent study showed that, overall, rectosigmoidoscopy and colonoscopy were highly correlated in detecting endoscopic activity. 33 For detection of endoscopic healing, defined as an endoscopy score of 0/1, colonoscopy detected persistent proximal lesions in few patients. When endoscopic healing was defined as an endoscopy score of 0, concordance between rectosigmoidoscopy and colonoscopy was close to perfect. 33 In conclusion, when considering patient-reported outcomes in relation to mucosal healing, lack of rectal bleeding in combination with normal stool frequency are often associated with lack of ulcers per endoscopy, but assessments based on either symptom alone are less predictive of mucosal healing status. The absence of rectal bleeding was frequently encountered in patients with lack of mucosal ulcers (i.e. endoscopy subscore = 0/1). Complete normalisation of stool frequency had high predictive value but was encountered rarely in patients with mucosal healing. The PPV for both rectal bleeding and stool frequency was lower for identifying endoscopy subscore = 0. Targeting mucosal healing may be insufficient to resolve symptoms and improve QoL. In clinical studies, as well as in clinical practice, it may be difficult for a drug to enable a patient to concurrently achieve mucosal healing, no rectal bleeding and 'normal' stool frequency due to the disconnect between stool frequency and either rectal bleeding or mucosal healing. One approach may be to use a 2-item composite symptom score of rectal bleeding resolution and no worsening of stool frequency (2-item Mayo score). The UC global score (visual analogue) may be an alternative approach encompassing other important symptoms such as pain, tenesmus and urgency. 34 Further studies are needed to explore the relationship between mucosal healing and patient-reported outcomes.
SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article: Figure S1 . Proportion of patients randomised to adalimumab 160/80 mg with (a) rectal bleeding and (b) stool frequency subscores of 0, 1, 2 or 3 per each endoscopy subscore value at Week 52. ES, endoscopy subscore; RBS, rectal bleeding subscore; SFS, stool frequency subscore. Table S1 . Mayo subscore definitions: rectal bleeding subscore; stool frequency subscore, endoscopy subscore. Table S2 . Baseline characteristics: patients randomised to adalimumab 160/80 mg (N = 470). Table S3 . Positive and negative predictive values and sensitivity and specificity of patient-reported rectal bleeding and stool frequency for mucosal healing at Week 52 in patients randomised to adalimumab 160/80 mg with rectal bleeding and stool frequency subscore values (N = 299). Table S4 . Quality of life as measured by mean inflammatory bowel disease questionnaire scores among patients with mucosal healing, categorised by stool frequency and rectal bleeding levels of 0 or >0, at Week 52.
